Considerable evidence has accumulated to show that a variety of cells respond to the removal of Ca 2+ from a balanced incubating saline by a decrease of the apparent concentration gradients o f N a + and K + across their membranes (see e.g., 1-5). This effect of Ca 2+ was ascribed essentially to a change of the membrane leak for electrolytes and other solutes (2, 4, 6, 7), although the possibility of a direct action on the cation p u m p could not be excluded.
England), Cl-by potentiometric titration. Details of the analytical procedures have been reported previously (see, e.g., 10). The results are expressed in kilograms HzO or milliequivalents per kilogram tissue dry weight; values 4-sE~a are given. From these data, the apparent intracellular ionic concentrations were calculated, taking the extracellular space to be 0.26 kg per kg tissue wet weight (11) , and the apparent steady-state Nernst diffusion potentials ( -R T / F X log Donnan ratio for the respective ions) were computed; the latter are denoted by E with the subscript of the respective ionic species.
Measurements of the Membrane Potential
The technique of Whittembury (12) was employed (see also 13) . Values ± SEM are presented.
T A B L E I EFFECT OF CALCIUM IONS ON THE STEADY-STATE LEVELS OF WATER AND ELECTROLYTES
IN KIDNEY CORTEX SLICES Rabbit and rat kidney cortex slices incubated aerobically (02) 45 or 60 rain in standard Krebs-Ringer phosphatesalinecontaining 2.7 mM Ca ~'+ (control), or in Ca-free medium with 0.1 mM Na EDTA. Values (Kg H~O or meq/kg dry wt) ± SEM.
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Measurement of EJ?tux Kinetics
The method described earlier was used (14) . The tissue was first loaded with the appropriate label by areobic incubation for 60 rain at 25°C in salines with (control) or without Ca 2+. Subsequently, the washing-out of the label into unlabeled media was followed. The rate constants were computed graphically.
[1-1q2]-propanediol-1,3 was preparedby Mr. I. Benes. ~NaCI was obtained from the Radiochemical Centre, Amersham, England.
R E S U L T S
Effect of Ca 2+ on the Steady-State Levels of Water and Electrolytes in Kidney Cortex Slices
W h e n c o m p a r i n g the steady-state values for water a n d bulk electrolytes in kidney cortex slices incubated in the presence of 2.7 m~ Ca 2+ (control) and in the absence of Ca ~+, it was found that the levels of tissue water were, within the limits of experimental error, identical, whereas the ionic composition of the tissue differed markedly, the absence of Ca ~+ in the m e d i u m producing high-Na, low-K cells. Such results were obtained with both r a b b i t and rat kidney cortex tissue (Table I) .
T h e observation of identical tissue water in the absence and in the presence of Ca 2+ appears to be of particular interest from the point of view of the mechanism(s) by simultaneous loss of some intracellular anion must have occurred; it has been shown previously (8) that in the absence of Ca 2+ the cells lose inorganic phosphate.
Effect of Ca 2+ on the Steady-State Membrane and Nernst Diffusion Potentials
F r o m the d a t a reported in T a b l e I it might be inferred that, as c o m p a r e d with the control, the cells incubated in Ca-free saline are m a r k e d l y depolarized, since at constant external concentrations of bulk ions the tissue N a and CI increased while K fell. This aspect was e x a m i n e d further by following the effect of Ca 2+ on the m e m b r a n e potential of cells of rat kidney cortex. T h e results of one such experiment are shown in Fig. 1 . I t will be seen that when s t a n d a r d saline was replaced by Ca-free m e d i u m containing 0.1 rr~ Na EDTA, the membrane potential dropped within a few minutes to a new steady-state level. The effect of removal of saline and tissue Ca was found to be largely reversible on reintroduction into the experimental chamber of saline containing 2.7 mM Ca *+. On repeated exchange of Ca-free and Ca media, the reversibility of the change of membrane potential decreased further, indicating damage to the ion transport system(s). From data given in Table I , the values of the respective apparent Nernst potentials for Na +, K +, and C1-may be assessed and compared with the measured membrane potentials E (Fig. 2) . The distance between E and the respective Nernst potentials indicates the magnitude of the established electrochemical gradient of each ion at the steady state. It will be seen that, as compared with the control, in the absence of Ca 2+ in the saline the membrane potential E and the apparent diffusion potentials E~, Ex, and/?ca significantly decreased: the membrane potential dropped from a mean value of--28.1 4-0.7 (n = 76) to --16.2 4-0.6 (n = 46) Inv. The values of E w e r e most closely followed by those of Eel; the somewhat lower values of Eoi may be readily explained by the observation that a portion of intraceUular C1 is only slowly, if at all, exchangeable with 3¢C1-, thus not participating in the osmotic and electrochemical phenomena in kidney cortex cells (see 13, 15) . Absence of Ca 2+ in the medium also produced a drop in the electrochemical gradient of Na + to about one-half. Though EK was significantly reduced by about 13 mv by the absence of Ca ~+ in the saline, the values of Ex were considerably higher than those o f E (cf. 13).
The above results confirm the view that the removal of most of tissue Ca by immersion of the slices in Ca-free saline produces intracellular ionic shifts corresponding to decreased electrochemical potentials of the bulk ions. Such an effect of Ca s+ might be due either to an effect on the active ion transport or to a change in the leak.
Effect of Ca s+ on the Leakiness of Kidney Cortex Cells
A direct measurement of the leakiness of kidney cortex cells for Na and K did not prove convenient since, in view of the widely different intraceUular concentrations of these ions in the presence and absence of saline Ca ~+ (Table I) , results would be difficult to interpret. Therefore the effect of saline Ca on the leak for propanediol was examined (Fig. 3) . It has been shown earlier that this nondissoeiable and nonmetabolizable sub- stance readily enters into the ceUs, and at equilibrium occupies more than 80 % of the intraceUular aqueous phase (11, 14) . It will be seen that in the absence of saline Ca s+ the efflux of propanediol is markedly accelerated. Three different components were found, and the mean values of the respective rate constants ks, k ~ k" s, and s found in four experiments are given in Table II. It follows from these data that Ca s+ significantly affected the slow (ks) and fast (k~) rate constants (p < 0.05 for both values), whereas the very fast efflux component (k~') was not significantly changed (p > 0.2). The respective spaces were not affected by saline Ca s+. Evidence has been presented earlier in favor of the view that the slow and fast efflux components correspond to intracellular compartments (11, 15) . It may thus be concluded that saline Ca s+ decreases the leak for solutes from the cells. Such a result is in accordance with previously reported data (2, 4, 6).
T A B L E I I I E F F E C T OF C A L C I U M IONS ON T H E R A T E C O N S T A N T S OF STEADY-STATE E F F L U X OF S
Effect of Ca s+ on the Steady-State E~tux o l Na+ from Kidney Cortex Slices
The only way to test the possible action of Ca s+ on the Na pump was to measure its effect on the efflux of labeled Na from the cells, in spite of the uncertainties pointed out above. The slow (rate constant ks) and fast (k~) efflux components of Na + from the kidney cortex cells may be taken as a measure of the active Na + extrusion (15) . The result of a typical experiment is shown in Fig. 4 , and the mean values of the rate constants of four experiments are given in Table I I I . It will be seen that in the presence of Ca 2+ the extrusion of the label from the ceils is barely significantly increased.
D I S C U S S I O N
An analysis of the present data requires in the first instance a consideration of the mechanism by which Ca 2+ affects the ionic concentration gradients across the membrane of renal cortex cells (Table I, Fig. 2 ). Since the steady-state levels of bulk ions are determined by the respective rates of inflow and efflux, high-Na, low-K cells obtained in the absence of saline Ca ~+ may result from an increased passive inflow o f N a + and/or from an impairment of the active Na + extrusion.
The significantly increased etttux of propanediol from the cells in the absence of Ca ~+ (Fig. 3) provides further evidence in favor of the view that Ca ~+ decreases the membrane leak of kidney cortex cells for passive fluxes of solutes. Such a view is also in accordance with data obtained on other tissues (2, 3, 7) . The question then arises whether this is the only mechanism by which Ca ~+ affects the intracellular ionic distribution. Data given in Fig. 4 and Table III , taken per se, do not allow any conclusion, especially since the true intraceUular ionic compartments, and consequently also the activity of Na + near the membrane, are unknown. However, it should be pointed out that, as compared with values for tissue incubated in Ca-free saline, the Na + p u m p works in the presence of Ca 2+ against a practically doubled electrochemical gradient (Fig. 2) , and the passive inflow of Na + into the cells is rate-limiting for the function of the pump (15) . This might point to an enhancement of the sodium pump. Furthermore, recent experiments (data to be published) have established that Ca ~+ stimulates the active, Na-dependent and -independent accumulation of some sugars in kidney cortex cells. A consistent stimulation ofp-aminohippuric acid accumulation in kidney cortex tissue by saline Ca 2+ has also been reported (16) . The available evidence thus suggests the possibility of Ca ~+ activating the cationic pump in addition to its effect on the leak.
The next aspect to be considered concerns the relation between ion transport across the renal cell membranes and the cell volume. According to the leak-and-pump concept (17, 18 ) the cell volume is determined by the respective passive and active ionic fluxes, and this has been fully verified for the erythrocyte. In renal cortex cells, the situation appears to be more complex. In the absence of Ca 2+, the passive fluxes of solutes across the cell membrane are increased, and the active Na + extrusion is certainly not higher than in the controls; this would result in high-Na, low-K ceils. However, the leak-and-pump concept would then require a higher steady-state cell volume, and this was not found to be the ease. Such a discrepancy follows also from the data on tissue electrolytes (Table I ). The sum of apparent intracellular concentrations of bulk cations was not markedly affected by the presence of Ca 2+ in the saline : rabbit kidney cortex, control (2.7 rn~ Ca 2+) 219 4-3, Ca-free saline 215 -4-4; rat kidney eortex, control 197 :k 4, Ca-free saline 215 ± 9. However, the higher intracellular concentration of C1-in cells incubated in the absence of Ca ~+ should contribute to an increase of cell volume of about 10 %, which was not found. In this context, it ought to be men-tioned that a similar situation pertains also in cells incubated in a K+-free balanced saline (containing 2.7 mM Ca*+). As compared with controls (6 mM K+), here again the steady-state level of tissue water was identical, while high-Na, low-K ceils were obtained (8, and unpublished data; see also 19) . These findings thus lead to the conclusion that in renal cortex ceils, in addition to the leak-and-pump system, another (contractile or elastic?) mechanism contributes to the regulation of the cell volume (see 10).
